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httpicense.Abstract Objective: The purpose of this study is to evaluate the role of MDCT in the depiction of
coronary artery anomalies.
Patients and methods: Sixteen patients were included in this study. Retrospectively gated coronary
CT angiography was performed in 11 patients and prospectively gated CT coronary angiography
was performed in 5 patients. Post-processing techniques as maximum-intensity projection, curved
multiplanar reconstruction, and volume rendering were applied to assess the origin and course of
the coronary vessels.
Results: Origin and course anomalies of the central coronary artery segments were seen in 11
patients (67%), anomalies of only coronary artery origin in 2 patients (13%), origin and course
anomalies of the peripheral coronary segments in 2 patients (13%) and coronary arterio-venous ﬁs-
tula in one patient (7%). The origin and course anomalies of the central coronary artery segment
were more common in the left coronary artery involving 8 patients (73%). Malignant inter-arterial
course between aortic root and pulmonary artery or the right ventricle outﬂow tract was seen in 3
anomalous arteries.
Conclusion: MDCT coronary angiography can precisely depict the origin and course coronary
artery anomalies and is recommended in young patients and before cardiac intervention or surgery
to prevent possible complications.
 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Congenital anomalies of the coronary arteries have an inci-
dence of 1–2% in the general population [1]. Many ‘‘benign’’
coronary anomalies are discovered accidentally in asymptom-
atic patients. Contrary to these minor variants, origins of the
left coronary artery from the pulmonary trunk, inter-arterialProduction and hosting by Elsevier B.V.
.04.002
370 I. Helmy et al.vessel courses, and high-ﬂow coronary ﬁstulas are considered
potentially ‘‘malignant’’ because they increase the risk of acute
myocardial ischemia and sudden death in children and young
adults [2].
It shows that even if congenital abnormality of coronary
arteries is uncommon, the clinical importance should not be
neglected [3]. Until recently, selective catheter angiography
was considered the diagnostic method of choice for imaging
coronary artery anomalies, however it is an invasive procedure
and the precise course of the vessels may not be adequately de-
ﬁned with this technique [2].
The recent development of ECG-gated Multi-Detector row
Computed Tomography (MDCT) angiography has allowed
accurate and noninvasive depiction of coronary artery diseases
[4]. With a three dimensional view, Multi-Detector row CT is
superior to conventional angiography in delineating the ostial
origin and proximal path of an anomalous coronary artery [5].
The purpose of this study is to evaluate the role of MDCT con-
trast enhanced coronary angiography in the depiction of coro-
nary artery anomalies.2. Patients and methods
2.1. Patients
During the period from March 2009 to October 2010, 800 pa-
tients with suspected coronary artery disease underwent
MDCT coronary angiography in clinical radiology depart-
ment, Co-Operation Union cardiac hospital, Kuwait city,
Kuwait. Retrospective evaluation was performed at our
department for the CT data ﬁles of these patients and 16 pa-
tients were found having coronary artery anomalies. These
16 patients were selected and constituted the study group, they
were 9 male and 7 females, their ages range from 37 to 71 years
with mean age of 56 years.
Patients with heart rate >70 beat/min received B-blocker,
100 mg Atenolol (Tenormin, AstraZeneca, Wedel, Germany)
orally 1 h before the scan. If heart rate was still >70 beat/
min 5 mg, metaprolol (Beloc, AstraZenica, Wedl, Germany)
were administered IV [6]. No adverse reactions to B-blocker
were recorded. Informed consent was obtained from all pa-
tients and the study had institutional review board approval.2.2. MDCT examination protocol
All examinations were performed by using a 64-slice MDCT
scanner (GE Discovery CT750 HD, GE Medical Systems,
and Milwaukee, USA). Monitoring of the electrocardiogram
was performed continuously during the examinations, and all
image acquisitions were performed during a single inspiratory
breath-hold. Initially, an antero-posterior and lateral scout
acquisition was obtained to determine the position of the heart
and deﬁne the scan volume for further imaging (from subcar-
inal level to the diaphragmatic face of the heart).
For all examinations, 130 ml of iodinated contrast agent
(Iodixanol, Visipaque 320 mgI/mL, GE Healthcare, Milwau-
kee, USA) was injected through an 18-gauge cannula posi-
tioned in an antecubital vein at a ﬂow rate of 4 ml/s. Mild
allergic reaction to the contrast material was seen in two pa-
tients. Before the scan, each patient’s individual circulationtime was determined in the lumen of the ascending aorta using
a test bolus of 30 ml of intravenous contrast agent at a ﬂow
rate of 4 ml/s. The time interval between the bolus injection
and the maximal enhancement was measured, and the starting
time of the enhanced scan was calculated as 3 s after the transit
time of contrast agent [7,8].
In all patients, the standard built-in reconstruction algo-
rithm was used for image reconstruction. The data sets were
reconstructed (with a slice thickness of 0.625 mm and 0.4-
mm increments) during the mid to-end diastolic phase, 65–
75% of the R-R interval. If image quality in this data set
was not optimal, additional reconstructions (35–85%) were
performed, and the data sets with optimal images were chosen
for further evaluation.
All acquired data were transferred to a separate computer
workstation (Advanced workstation 4.2, GE Healthcare, Mil-
waukee, USA) equipped with CardIQ software (GE Medical
Systems). Depending on vessel morphology and quality of
the MDCT data sets, different post-processing techniques such
as maximum-intensity projection (MIP), curved multiplanar
reconstruction (CPR), and volume rendering (VR) were ap-
plied to assess the origin and course of the coronary vessels.
Prospectively gated coronary CT angiography software
(Snap-shot Pulse, GE Health care, Milwaukee, USA) was used
in ﬁve patients. We used an upper limit of heart rate of 70 beat
per minute.
Padding of the tube-on time was used to allow the recon-
struction to adapt to minor heart rate variation. Padding
was ranged from 40 to 80 msc [9]. Dose-length-product
(DLP) was recorded from the CT scanner for each patient.
The effective radiation dose (E) in mSv was calculated using
the formula E=DLP · k. The k is the conversion factor
and it is equal to 0.017. This k value is considered applicable
for chest and cardiac scans. Statistical analysis was done using
student ‘‘t’’ and ANOVA tests to compare between the radia-
tion-doses in the retrospectively and prospectively examined
patients.
According to the study of Schmitt et al. (2005), the anomalies
of the coronary arteries were classiﬁed into four groups (Table 1):
group A= central coronary segments showing anomalies of
both the origins and courses, group B= anomalies of the origins
only, group C= origin and course anomalies of the peripheral
coronary vessels, group D= arterio-venous anomalies of the
coronary arteries. These groups are further subdivided into four
sub-groups according to the arteries involved: those of the right
coronary artery (RCA), the left coronary artery (LCA), left ante-
rior descending artery (LAD) or left circumﬂex artery (LCX) and
those of both RCA and LCA[2].3. Results
Origin and course anomalies of the central coronary artery
segments were seen in 11 patients, anomalies of only coronary
artery origin in two patients, origin and course anomalies of
the peripheral coronary segments in two patients and coronary
arterio-venous ﬁstula (Fig. 1) in only one patient (Table 2).
The origin and course anomalies of the central coronary ar-
tery segment were more common in the left coronary artery
(LCA) eight patients (73%). The right coronary artery (RCA)
was involved in two patients (18%). Both left and right coro-
nary arteries are involved in one patient (9%) (Table 3).
Table 1 Classiﬁcation of coronary artery anomalies.
Class Anomaly
A-Origin and course anomalies of the central
coronary segments:-
1-Right coronary artery anomalies:
a-Origin of the RCA from the LSV or LCA, anterior/interarterial course.
b-Origin of the RCA from the LSV or LCA, posterior course.
c-Origin of the RCA from the NCSV, posterior course.
d-Origin of the RCA from the pulmonary artery, anterior course.
2-Left coronary artery anomalies:
a-Origin of the LCA from the RSV or RCA, anterior course.
b-Origin of the LCA from the RSV or RCA, posterior course.
c-Origin of the LCA from the RSV or RCA, interarterial course.
d-Origin of the LCA from the RSV or RCA, septal course.
e-Origin of the LCA from the pulmonary artery, posterior course.
3-Anomalies of the central branches of left coronary artery:
a-Origin of the LAD from the RSV or RCA, anterior course.
b-Origin of the LAD from the RSV or RCA, interarterial course.
c-Origin of the LCX from the RSV or RCA, posterior course.
4-Anomalies of both the right and left coronary arteries:
a-Orthotopic origins from the clockwise rotated aortic bulb.
b-Orthotopic origins from the counter-clockwise rotated aortic bulb.
c-Three origins from the RSV, variable courses.
d-Three origins from the LSV, variable courses.
B-Anomalies of only coronary origin:- 1-Origin anomalies of the right coronary artery:
a-RCA origin above the sinotubular ridge (high take-oﬀ)
b-RCA ostium absent (single coronary artery syndrome)
2-Origin anomalies of left coronary artery:
Separate origins of the LAD and LCX from the LSV
C-Origin and course anomalies of the peripheral
coronary segments:-
1-Anomalies of peripheral branches of the RCA
Mainly the proximal RCA vessels aﬀected with diﬀerent pathways
2-Anomalies of peripheral branches of the LCA
Mainly the distal LCA vessels aﬀected with diﬀerent pathways.
D-Arterio-venous coronary ﬁstulas:- 1-Fistulas originating from the right coronary artery
2-Fistulas originating from the left coronary artery
3-Fistulas originating from both the right and left coronary arteries.
Abbreviations: RCA, right coronary artery; RSV, right sinus of valsalva; LCA, left coronary artery; LSV, left sinus of valsalva; LAD, left
anterior descending coronary artery; LCX, left circumﬂex coronary arteryl; NCSV, non-coronary sinus of valsalva.
Fig. 1 MIP reformatted image shows congenital coronary ﬁstula
between left circumﬂex artery and CS vein.
Table 2 Classiﬁcation of the 16 coronary artery anomalies
included in this study.
Anomaly Number of
patient
Percentage
(%)
Origin and course anomaly of central
coronary artery segments
11/16 67
Only coronary origin 2/16 13
Origin and course anomaly of
peripheral coronary artery segments
2/16 13
Coronary A–V ﬁstula 1/16 7
Table 3 Distribution of origin and course anomalies of the
central coronary segment.
Artery involved Number of patients Percentage (%)
Left coronary artery 8/11 73
Right coronary artery 2/11 18
Both LCA and RCA 1/11 9
Total 11/11 100
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anomalies, the RCA originate from the left coronary sinus
then take a posterior retro-aortic course in the ﬁrst patient.
In the second patient the RCA originates from the left coro-
nary artery then passes inter-arterial course between the pul-
monary artery and aortic root (Fig. 2).
Left main coronary artery anomalies were seen in four pa-
tients. In two patients the left main coronary artery originate
from the right coronary sinus (Fig. 5) then take anterior
course ventral to the pulmonary artery trunk. In one patient
the left main artery originate in common ostium, with RCA
from the right coronary sinus then passed inter-arterial
course between aortic root and pulmonary trunk. In one pa-
tient the left main artery originate from the proximal RCA
then passed between the aortic root and right ventricular
outﬂow tract for short distance before coursing through the
myocardium of the inter-ventricular septum. In the last
patient the left main coronary artery was small size with
reduced caliber.
Left anterior descending (LAD) artery anomaly was seen in
one patient. In this anomaly the artery originate from the right
coronary sinus taking anterior course ventral to the pulmonary
artery (Fig. 3).
Left circumﬂex (LCX) artery anomalies were seen in three
patients. The LCX artery originates directly from right coro-
nary sinus in one patient and from the proximal RCA in two
patients (Fig. 6). The three arteries passed posterior course be-
hind the aorta.Fig. 2 Shows origin and course anomaly of right coronary artery. (A)
coronary artery arising from left sinus of valsalva and taking intra-arAnomalous both right and left coronary arteries was seen in
one patient. The three arteries; RCA, LAD and LCX arose by
separate ostia from the right coronary sinus taking a variable
courses.
Anomalies of only the coronary artery origin were seen in
two patients. The anomaly involves the left coronary artery
with the LAD and LCX arteries having separate origins
(Fig. 4) from the left coronary sinus. Anomalies of the periph-
eral coronary segments were seen in two patients. The conus
artery originates directly from the right coronary sinus.
Inter-arterial course between the aortic root and pulmonary
artery or the right ventricle outﬂow tract was seen in three
anomalous arteries. Narrowing of the inter-arterial of anoma-
lous RCA was seen in one patient.
The patients present with angina in nine patients, atypical
chest pain in ﬁve patients and syncope in two patients. The
three patients with intra-arterial course present with atypical
chest pain in one patient and syncope in two patients. Athero-
sclerotic coronary artery disease was seen in seven out of the 16
patients included in this study. Signiﬁcant stenosis was seen in
three patients.
The mean effective radiation dose per MDCT angiographic
examination using the prospective cardiac gating technique
with padding was signiﬁcant lower than the retrospective car-
diac gating technique. It was 17.8 mSv ± 2.3 for those patients
studied with retrospective cardiac gating technique and
2.7 mSv ± 1.7 for the patients studies with prospective cardiac
gating technique (P< 0.001).MIP, (B) VR and (C) Tree reformatted images of anomalous right
terial course.
Fig. 3 (A) axial image, (B) MIP, (C) Tree, and (D) VR reformatted images showing origin and course anomaly of left anterior
descending (LAD) coronary artery.
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tively and retrospectively gated) with the help of the volumet-
ric imaging was able to demonstrate precisely the origin, the
3D course of the anomalous coronary artery and its relation
to the great vessels and cardiac chambers.4. Discussion
Conventional coronary angiography (CCA) has been the tech-
nique of choice for visualization of the coronary arteries for
several decades. In addition to being invasive CCA has disad-
vantages in detecting coronary artery anomalies because of
limited number of 2D projection images obtained during cath-
eterization and the absence of soft tissue information [10].
Over the last decade substantial advances have been made in
non-invasive cardiac imaging. Coronary CT angiography
had an increasingly important role in the diagnosis of coronary
artery disease. MDCT angiography is considered a ﬁrst line
imaging modality in detecting coronary artery anomalies.
Depiction of origin and course of anomalous vessels along
with the complex anatomic relations with adjacent structures
is excellent with MDCT [11,12].
In the present study the prevalence of the coronary artery
anomalies was 2% of patients with suspected coronary artery
disease undergoing MDCT coronary angiography. Our result
is slightly lower than that of Schmitt et al., 2005 who reported
a prevalence of 2.5% and higher than result of Yang et al.,
2009 who reported a prevalence of 1.097%.Congenital coronary anomalies affect around 1% of the
population with 87% of affected individuals having anomalies
of origin and distribution and 13% having coronary artery ﬁs-
tulae. An isolated single coronary artery occurs only in 0.024%
of the population [13]. In the present study origin and course
anomaly of central coronary segment was the commonest con-
stituting 67%. This is concordant with results of Schmitt et al.,
2005 [2], Datta et al., 2005 [4], and Knickelbine et al., 2009 [14]
who reported 63%, 70% and 84% origin and course anomaly
of central coronary artery segment respectively in their studies.
Our results are discordant with that of Yang et al., 2010 who
reported 33% of origin and course anomaly of central coro-
nary artery segment.
In the present study left coronary artery anomalies were
more common than right coronary artery anomalies. This is
in agreement with the results of one series [4] and in disagree-
ment with results of other studies [3,14]. It is possible that the
lower prevalence of anomalous left coronary artery in their
studies suggests that it may be more lethal than anomalous
right coronary artery early in life.
The clinical manifestations associated with coronary artery
anomalies are variable and include: dyspnea, palpitation, angi-
na pectoris dizziness and syncope. Many patients are symp-
tomatic and diagnosis is incidental. When the course is
between aorta and pulmonary artery the coronary anomaly
usually presents early with syncope, atypical chest pain and
sudden death [15]. In the present study the patients present
with angina in nine, atypical chest pain in ﬁve and syncope
in two patients. The three patients with intra-arterial course
Fig. 5 (A) Tree and (B) VR show left main coronary artery arising from right coronary sinus artery and coursing anteriorly dividing to
left anterior descending (LAD), ramus intermedius (RI) and left circumﬂex (LCX) arteries.
Fig. 4 (A) MIP, (B) Tree and (C) VR reformatted images showing origin anomaly in the form of separate ostia of left anterior
descending (LAD) and left circumﬂex (LCX) coronary arteries from the left sinus of valsalva.
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and syncope in two patients.
Congenital coronary artery anomalies are the second most
common cause of sudden death due to structural heart disease
in young athletes. In particular inter-arterial course of the
anomalous vessels between the aorta and main pulmonary ar-
tery may be associated with poorer outcome [16]. It is impor-
tant to differentiate inter-arterial course from intra-spetal
course which may appear similar but the anomalous vesselpasses a comparatively benign course more inferiorly within
the muscular septum. CT can help to differentiate these two
entities by showing the anomalous vessel within the septal
muscle inferior to the plane of pulmonic valven [4]. In the pres-
ent study we present two anomalies; right coronary artery
(RCA) arising from left sinus of valsalva and left coronary ar-
tery (LCA) arising from right coronary artery (RCA) taking
inter-arterial course and anomalous left coronary artery
(LCA) arising from right coronary artery (RCA) passing for
Fig. 6 Axial cut shows anomalous left circumﬂex (LCX)
coronary artery arising from right coronary artery (RCA) and
passing between aorta and left atrium.
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tract before taking intra-spetal course.
In the present study volume-rendered images acquired from
3D CT data sets (MIP, CPR and VR) demonstrate clearly the
cardiac and vascular anatomy. VR delineated the ostial origin,
proximal path and relation of the anomalous coronary artery
better than CPR and MIP. Furthermore VR has an advantage
of demonstrating the connection of small tortuous arteries
with the main coronary artery in coronary arterial ﬁstulae.
Intra-myocardial course of a coronary artery is referred to
as myocardial bridging. The incidence of myocardial bridging
varies greatly and is reported as 0.5–2.5% in conventional
angiographic studies and 15–85% in pathologic studies [17].
In our study as we used the classiﬁcation used by Schmett’s
et al. 2005, the cases of myocardial bridging were not included.
Angelini et al. 2002; stated that ‘‘if diagnosed with micro dis-
section, myocardial bridging might be common enough to be
considered a normal variant’’. In addition myocardial bridging
is considered a benign ﬁnding and in the vast majority of cases
it does not cause myocardial ischemia [10,18].
Low-dose coronary CT angiography matches the sensitivity
of catheter based angiography, has low radiation exposure and
is a potentially valid alternative to catheter angiography for
triaging symptomatic patients with clinical suspicion of coro-
nary artery diseases [19]. In the present study low-radiation
dose prospectively gated technique was used in ﬁve out of
the 16 patients included in this study. The mean effective radi-
ation dose in these patients was 2.7 mSv ± 1.7 which is lower
than conventional coronary angiography that has an approxi-
mate dose of 5.6 mSv [9].
In conclusion: Contrast enhanced MDCT coronary angiog-
raphy is non-invasive imaging modality that can precisely de-
pict the origin and course coronary artery anomalies and is
recommended if coronary artery anomaly is suspected in
young patients with evidence of myocardial ischemia withoutvascular risk factors. It also provides information about coro-
nary artery variations and anomalies before cardiac interven-
tion or surgery to prevent possible complications.
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